In the present paper, a numerical approach to efficiently calculate the solution of space fractional diffusion equations is investigated. The finite difference scheme and Chebyshev collocation method is applied to solve this problems. Also, the matrix form of the proposed method is obtained. The numerical examples and comparison with other methods shows that the present method is effective.
Introduction
The use of fractional partial differential equations (FPDEs) in mathematics, physics, engineering and chemistry has become increasingly popular in recent years [4, 8, 14] .
To obtain an analytical solution of this problems is extremely difficult thus many authors are seeking ways to numerically solve these problems.
Some different numerical methods have been proposed for solving FPDEs. Liu and et al. proposed method of lines to transform the space fractional Fokker-Planck equation into a system of ordinary differential equations [7] . Fix and Roop [5] developed a least squares finite element solution of a fractional-order two-point boundary value problems. Afrouzi and et al. [1] proposed Homotopy-perturbation method for a kind of Time-Fractional Evolution Equations. In [3] Darzi and et al. used Sumudu transform method for solving fractional differential equations and fractional Diffusion-Wave equation. Also Neamaty [13] solved Fractional Partial Differential Equation by Using Wavelet Operational Method.
Meerschaert, Tadjeran and et al. suggested three kinds of finite difference approximations which are the implicit Euler method, the explicit Euler method and the fractional Cranck-Nicholson method for FPDEs based on shifted Grünwald formula. Also they derived some detailed stability and convergence analysis [10, 11, 12, 18, 19] .
The space fractional diffusion equations are a type of fractional partial differential equations which by many authors are solved numerically. For example Khader [6] used Chebyshev collocation method to discretize space fractional diffusion equations to obtain a linear system of ordinary differential equations and used the finite difference method for solving the resulting system. Saadatmandi and Dehghan [15] used tau approach and Sousa [16] applied splines to solve space fractional diffusion equations.
In this paper, we proposed a different approach to obtain the solution of space fractional diffusion equation (2) and boundary conditions
Where the function
is a source term and the fractional derivative is the Caputo derivative can be defined by [16] :
This work presents a numerical method to solve this kind of problems using finite difference scheme and collocation method via Chebyshev polynomials.
Description of the method
In this section, the process of solving the space fractional diffusion equations is described as in 1-4.
First, we use a finite difference technique and   weighted scheme [2] to discritize the time 
In order to use these polynomials on the interval [ From equation (6) and (7) we obtain:
In order to find the unknown coefficients, Chebyshev collocation method with collocation points
Also boundary conditions (3) and (4) (10) ). (11) Therefor eqautions (9)-(11) generate a set of (N+1) algebraic equations, which can be solved for unknown coefficients. Clearly ) ( 0 x u can be obtained from the initial condition (2) as follows:
The matrix form of the proposed method
In order to find the matrix form of suggested method, first by using (9) Q Finally by using (10) and (11) the matrix form for this method is Atchieved. Let
Also from the right side of equations (6) and (9) 
Therefor the matrix form for this equations is as follows: and from [6] we have:
thus the matrix elements of Q can be demonstrated as follows: 
Now by using boundary conditions (10), (11) and relation (12) we obtain the matrix form of our method as follows:
r r (13) where the matrix elements of A are: Table 2 the maximum absolute errors for ...,0. is less than one therefore the proposed method has unique solution and is unconditionally stable [17] . Table 3 we compared our results with results of obtained in [6, 15] . Also in Table 4 is less than one therefore the proposed method has unique solution and is unconditionally stable. We solved this problem by applying the present method. In Table 5 
Conclusion
In this paper, finite difference scheme and Chebyshev collocation method have been successfully applied to find the solution of the space fractional diffusion equations. Sine using matrix form of the method is more convenient for application of collocation method, thus the matrix form of the proposed method was obtained. The results and comparison of the our proposed method and other methods indicate that this scheme is accurate and efficient approach for the solution of this problems. Proposed method for the examples of this paper was unconditionally stable but, unconditionally stable for the general case is open problem.
